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‘ SL | | Preface 


t 


© The purpose of this collection ‘of technical formula 


e Is to provide 


a brief, clear and handy gulde toithe more Important technical and . 


mathematical formulae. 


Since the book has been printed on one side of the 
facing pages are available for additional notes. 


page only, the 


- Each separate subjeci has been associated witha capita l letter. 
“he various formulae have been grouped under corresponding s m4 11 
letters. and numbered serially. This method enables the formulae 


used In any particular calculation to be Indicated. 
* Ç ` $ D 


Preface : 

‘to the 2nd ed” Ap ` 
“Engineering Formulas” has been revised to ii.clude Š: 
addition. severel sections hav 
date. 


|. Units aid ui 


e bern extended and brought up t? 


* 


^ 


Method of Presentation and Use of Units 


Most of the equations clearly reveal the physical relationships 
which they describé and are valid regardless of the system of 


units employed, provided that they are consistent. | 
Some of the equations are empirical in origin and the units quoted 


are mainly to be found in sections Q and R. 


must be used in the formula to obtain the correct result, these ` 


It is intended mat the Stroud notation, is used ‘when evaluating 


the formulae i.e. both the quantity and the unit is substituted for 


a given symbo 


| J and the subsequent calculation involves manipu- 
lation of numbers and units together.” 7. 
E ENT 3 e E 


For example, taking equation 123: t = 7 | 


if s (distance) 2-8 metres oF Ss 
| v(speed) = 8 metres/second ` ` 
` ` ben E RE ,28 metres x second 
AA | 8 metres 
3 hence t = 035 seconds (time) ` ` 


cancelling the unit metres 


lt is clear that t should have the units of time; if it does not. 


then it is obvious that an error has been made and the working 
should be checked. As a help, in many cases, the anticipate 
, Units are quoted using the abbreviation EU;, Example · Unit. 
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Pe dl 


: th ! | | 

When the numerical values and the units are included in the - 
that they are dim equivalents or definitions are best written so 
| ensionless and have the value of 1:0. In this 


form they are someti e 
deen be illustrated in tro eau ER prazer and wadi 


¿with consistent units, E le, TE 
equation a 1. | p | s 1 T 
e, e e eee becomes 1 ES | 
E SE Sc 10 m 
equation a 58 FFF 
in. SE ane q PULLS » 
REA | aus a E | 
equation a 86 i EE < i 
7786 ft lbf = 1 Btu | becomes 1.2 Set 


for example, to convert 14:7 mäi to o I/ j | " » 
et bt EZE | bf ` 


e be 147" int DOE = as 115 


nthe conversion between different systems o of unit$, 


| parei y Es 
e 981 N 
_ kgf - 981 N becomes’ 1 
. equation a 61 | | 1 


= san ^ becomes 1 | m 

GE 4 geg BE Led 

| equation a 108 | 3353 1 

| : : Je | kcal Ib | 
686 kcal/kg becomes 1 

1 Btu/lb = 0-556 kcal/kg d x Geer? 


to conver 1000 kgf/cm? to ei units, 


exam le, Mes 
For examp ie 1000 Ket oa Nen: MN. 
1000 - | em | kgf || m 105 N 

2 ag) b | 


` i e ms e . ` ` 
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in the use of definitions: 
\ y Llbfis the force requirad to accelerate a mass of 1 lb at the 


rate of 32-174 ft/g?, l 
1 bf = 1 Ib x 32474 A. becomes 1 fun 


Similarly, the ra Is eae by the equation 


2 
IN == i. kg x m which becomes 1 = Sol 
I kgm 
and 1 kgf = eat Ce? becomes 1 = ZEL Rg m 
75 kgf 8? 
For example, to find the fren’ in S.I. units required to accele- 
rate a mass of 3 lb at the rate. of 2-5 ft/s?, Proceed as followa: 


F = ma, equation mi. 


E & 10.4888 kg IT m Ns? 
F = 3bx2s f 104536 kg|[ m Line 
| j 15 a) bs 


e 3*25* 04836 N: 1-036 N 


32381. 
which isa unit of force, | 


ER 


Base Quantities and Base Units 
of the International System of Measurement 


base quantity - baso unit 
| symbol ` | symbol: 
name (italic .(vertical 


letters) 


letters) 


length metre | m 
mass .kilogram ` ee kg 
time second ti 
electric current ampere A 
absolute s OA 

temperature “kelvin K 
candela cd 


light intensity 
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x 


t 
b 
R 
Wed 
d, 
8 


per ine ter 


> > 
3 


Gn a g€ e» < 


t 


periodical and related 


phenomena 
"OT period: 
f frequency ` ` 
| a rotational speed 
w angular frequency 
- A wavelength 
? 


` Space and. time 


b distances 
B, Y angles 
solid angle 
length 
width 
height . 

R radius 


D diameter (diagonal) 
distance covered, 


wall thickness 

U circumference 
area, 
cross-section 
generated surface 
surface area 
volume 

time 
velocity, linear. 
velocity, angular. 
acceleration, linear 


"ecceleration, angular 


acceleration, 
gravitational 
pitch 


phase angle 


| UIST OF swsois 


? 
D 
p 
I 
F 
G 
A 
Hp 
p 
6 
t 
€ 
Y 
E 
G 
d 


H 2 
Hu 


‘Impulse 


| Mechanics e: 


“density ` 


specific volume 


moment of 
force... =. SE 
gravitational force 


inertia ` 


‘moment 


frictional torque 
pressure | 
(force on surface) 
tensile or compressive 
stress (normal stress) 
shear stress 
extension [gular ) 
shear deflection (an- 
modulus of elasticity 
(Young's modulus) ` ` 
modulus of rigidity 
second moment of area 


moment of resistance 


static moment 


coef ficient of sliding 
friction | 


coefficient of static 
friction 


coefficient of Griet, 
of. a radial bearing 


` coeff. of friction of 


a longitudinal bearing 


H, z dynamic viscosity 
kinematic viscosity 
work eo vig 
power 

efficiency. 
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absolute teaperatecs 


temperature ` ` 
linear. coefficient 


of expansion . 


cubice coefficient 
of expansion 


heat current or flow ` 


density of heat flow 


Quantity of heat per 
` unit mass | 


Quantity of heat 


specific heat at 


constant pressure 


cf x 


I 

J 
V, 
Uy 


rua mm DO 8 


specific heat. at 
constant volume . 
ratio of cp to cy 
gas constant 


thermal conductivity | 


heat transfer 
coefficient. 
coefficient of heat 
transmission 
radiation constant 
specific volume 


‘Electricity and magnetism . 


current 
current density 

U voltage 

source voltage 
resistance 
conductance 
Quantity of 
electricity (charge) 
capacitance ` 


dielectric ^ y 
displacement “94 
electric fielo 
strength 


magnetic flux 


magnetic induction 
inductance - 


magn, field strength 


Optics 


BEERA SER 
(magnetic potential) 
magnetic voltage 
magnetic resistance 


‘magnetic conductance 
‘length of air gap 


temperature coeffi- 
cient of resistance 


“eenductivity 


resistivity 


permittivity, ` 
- dielectric constant 
absolute permittivity i 


relative. permittivity 
nJmber of turns 
permeability ; 
absolute permeability 


relative permeability - 


number of pairs of 
poles. 

number of conductors 
quality, 


¿figure of merit 


loss angle 
impedance 
reactance 
apparent power 
reactive power 
moment constant 


velocity of light 
luminous intensity 
luminous flux 
quantity of light 
illumination 
luminance, brightness 
refractive index 
refractive power ` 


focal Ice th 


magnification; 
enlargement-. 
Ciciinct visu?” 
distance 


. A 
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Dens ¡Eq of Di fle ron Liv DS 


FRéesu WATER = Í Tow 
See wabo "e 


| NJ 9 235: 
Diesel = 0 Q7» Units 
‘ | Areas 
Lobe m 0865 gotabotes 
Kessy Cul) zs d Kr | Arithmetic 
| ^ Functions of a circle 
Analytical geometry , 
Hyperbolic functions 
Differential saenl 
A Integral calculus . 
$ | Statics 
Kinematics 
Dynamics 
Hydraulics | 
| Heat | 
Strength 
. ` Machine parts 
| Machine tools | 
Electrical engineering 
Oda 


Chemi try 


Tabler . 


Ms fet Unit of: 


A 
B 
C 
D 
E 
F 
G 
H 
J 

K 
L 

M 
N 
O 
p 
Q 
R 
S 
T 


AN 


freu 


E 
e 


` 


dà = deca | 
š h *" hecto 
k = kilo. 
M *. mega 
.G `= giga 
T = tera 
af 
a 2 
a 3 
a 4 
a 5 
a 6 
a 7 | 1mm = 
a 8 ipm = 
a 9 UL Une = 
a 10 1 = 
a.11 1 = 
a 12 1 = 
a 13 1 m? = 
al | tum? = 
a 15 1mm? = 
a 16 1 em? = 
a 17 1 dm? = 
a 18 1 km? = 


re Angstrom 


3. 


10! d = deci. 

10? .e m centi 

10? m a milli 

‘10° py). micro 

10° n = nano 

10% p = pico 
of = femto 

a. = 


‘atto. 


| 1 mÁ = XE (Róntgen-unit) | 


Decimal multiples and fractions of units 


à a 20 
a2) 107% 
a22 1 dm? = 1721103 10 
223 | 1km = 10° q£ e 


16-6610" ` 


A 30 16°66"10°" 
a 31 16-6610"? 
a 166681075 
a 53 Aa 


a 34 
a 35 
a 36 
2 37 
a 39 


2) 
1 lac 4 jiter 


in ENER 
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"a 7 


' Unite “of pressure | 
— emmener 


tkgf/cmte| 98100 |9-811077 | 0-981 NE M 
Torr Da] 133 |04133101: 3310 | 1° 3610 í: 
oe ' Units of work. \ 
J= Nm `. ; PS h 
ETE kW h bf 8. kcal 
19 Pal 1 - fo278:10| 0-102. 023940? |o-sTesto* | 
(Win =|3603ao° | 1 36710, $860 „ 1:36 , 
1kgfm =| 9-81 |2:720% 1 123451077) uer 
i kcal =| 4186 | 1-16107! 426.9. 1 1-5810 
1PSh =|2-65=10%] 0-736 o 27x10" | 632 Kai 
E er | “unite of power | 
kof m/s | keal/h ps 
10 EL 0-102 1:36:10. 
T" MEE" 102 1-36 
1kgf ae 1 15:3x107? 
M jkcal/h= 0:119 1.58110 
1PS „ | T5 ` A 
| ; _ Unit for maso. 
_ (used for Jewels) 
a 200mg = 02x10? k e 
k parat. N 9 = 5060 kg 
Unit of ‘fineness 
(used for precious metals) | 
i ; ^ 0 
24 carat. Š 1000-00 Ao 18 carat 8 750 · 00 %o 
14 carat $ 583:33 Wo 8 carat G 333.33 %o 


dÉ Pa = 1 N/m? ' alTer 8 mm Hg ` 
34 J = 1Nm* 1» Th „ o/s w ‘ii m/s 


{Units of area 


Units of length 


.=] 39370 | 


Goin 


^ 61-02. 
61025 


UNITS. 


, ` Conversion, 
id Anglo-Anerican to peters’ units 


t 


3551. 


aart 


0.035531 


; yi 


] an ft | 
i! ERES 0-08333 | 0- 02776 
> 12 1 
Va NE 3. 1 
=| 0-03937 |3281=10°| 1094.10 0] 
sl 39-37 | 3-281 | 1-094 
3281 


. 1094 


|0-01196 | 


1:196 


A4 


— Ú—[. 


m km 


25-40-0254 | =" > 
0:3333 |304-8|0.30588 j >... 
_ [914-410-9148 J) - 


wi 


1000 
10° 


0-001 | 10° 
1, 0-001 


1000 | 1 


continued A5 
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continued from AA 


| Unite er work 


a 8t. 

1 85 ig* 28e 

a 83 J 1403 
948-410 

a 85 i 

a 85. 

a 86 


87 Te: 04 745 · 70-7657 051782 | 0-7073 

88 92807 |[9-807:10”2:344x*t0" g. 296-10 
89 PAL 18 259 10 [948-400 
a 90 1x4 = io2 ^ SE Wës EE 0-9484 


| 3-968 
SD epu 


D 


°, 
> 


Other units 


— — 


0-915 m 


Sa 1 yard = 3 ft * 

š 98 SUM English mile = 1760 yds. S 1609. m 
a 95 1 Nautical mile - ` x : 1892 W 
a 96] 1 Geographical mile Se "qe wë 
a 97 1 Jong ton 2240 1d = 1-016 Mg 

2 99 1 long ton = 2240 QR SCH E: 9.96 MN . 
a100 1 short ton (us), = 20 1 881460 = 9-00 MN 
a101 1 Imp, gallon (Imperia iei: 5 81956 dm? 
a102 í US gallon e E 2 3:785 dm? . 
a103 1 BTU/ft*. = 9: 547 keal/n š = 39; 964 KC à 
aros | T BTU/1b, = O° :556 DCH = , 2:327 kJ/ho . 
¿105 4 10 / ft. = 1 99e ks ie 0703. ` Ü ; - 47: 8924 N/m? 
32100 [1 10 f/ 107 oat) e ia 0-6896 N/cm? 

hain "20-11 m 
1198 à Hundredweight CRETE 412 ‘lof = 298 Ce 
a109 1. Quarter GB) E 44 lbf 4 = 124 5 kN 
2110 1 Stong GB) . + Dd 


62*3kkN . 
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A = qh 2 be 


i War eta e 


a: fla-neota? = 


A „ ah , es ' 


«pa 
we Ltbro 7 


` 


rectangle 


— 


equilateral triangle Sp 


octagon 
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circle 


EI 


. t F ` j 
e i e 9 ; . > >.. annulus: 


b „ = «(d+ b)b 
| D - d 5 .. 
b 35 b 5 : 
R & sector of a circle 
b 36 A æ 3600 ra 2 fü 5 


| 8 30 s (ü= 11 circular 
: . E measure). 


* bol s = 2r sing | | segment of a circle 


cab] a = Gat sas) = Sethe) 
We xs N. WA 
AAA ort 
D A = r(1-cos>) "2 tanz 
b 44 | ë see formula b 39 Gb 


bag | 4 = Epa s zab Gs 
d Sr ag m 5 
d 46 2 : 
b 47 |. a ra Lite oats den 


! a4 ab. 
EL «tere À `= A 
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` SOLID BODIES. 


D 


c 1 
e 2 
e 3 
eh ` , V š abc 
$5] A. `S 2(a5 + ac + bc) 
eg la a+ R + | 
parallelepiped 
c 7. V = Ak 
(Cavalieri principle) 
EC y uh 
| frustum of pyramid 
A wo d X . 4 e | : Az a 1 
i 1 „ ~ 1 SR DN eg E 
e 9 Í y s 30th 2 42) . i 
: 442 | 
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EE 


1 ; aphere 
Š ç 23 E e t: P = r d? 
e 24 w 4:1897 
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7 


c 35 


An = 2xrh 


Ág = Z (AN- s) 


V 


V = 


sue | 3 V 
IA = 2270 + THE. ) 


‘ 
= 


Ao = 2xh(R+r) i l 


= h (3a? « 30? + A?) 


2rrh 


Sit Sey o> RY pe 
= e ^s + N) 


qe * 40) uS 


di 


WA 


SOLID BODIES 


a 
vy 


x(2rh 1 0 4 b) 


x M (r A) | 


$ rh 


sphere with cylindrical boring 


ER ` | . 


Lgh `` 
rr 


(e CamScanner 


39 


40 


41 
42 


43 


4 


e 57 


EE * a2) E 


y a ld + 42 + 44) 
This formula may be used 
A ving solids shown ‘in fig. 


and mrs of vehere, 


12 


Ag 2h 


do a Agt 22K | 


for calculations, invol- 


C1...C3 and thus spheres 
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| AINTHMETIC. 


Powers: Roots dix 


80554 for powera and roots 


general 2: | numerical examples, 
e e G er ts te 
d 2 ar q^ 3 amen à A gt 
| s ki 
d 3 ! a" a q min Eé z P E? a°. 6 
; a" x: a ES ; 
y x Py = Leif, a™ (a)? = (at) = gie a° 
E i y d $ 2 1 ` E 
d 5 a” = ak d* = YT 
j "p a^ a 
va a” (sy e (zy 
d 6 : a^ = b) p b 
' ; ; A i | : 3 K š : 
dT pet aya = (p + ale se + TV. VYA 


810 


d 9 p ES Ya. 
on 6 
Va = W Va = Var 
P. e E Ar 4-3 
dii ye -fd 2 1 
ete Fer. déi | CO GEN 
d let applicable to ge e.g. (e = ‘to 
calculations SE Lk 2 = -2 
e nents. of powers: and root ha "E 
vote: dimensional quenti Me! š: YA naya to ye ET 
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| ARITHMETIC s n 4 
| Logarithms SS ie 


“General 


` 10g to “terminology 


the base of 


109 to base a 
common 109 

natural log - 
log to base 2 


d 13 
0 10 
d 15 
d 16 


"S 
= 1g i 


logs = 14 : 
The symbols in 224 55 are called: a base ' 
RÀ x eent, 


| NT Ee  logarithm(log) 
Rules. for iogar simie calculations A 


109, (xy) = loga kõ “log, ys SE 
109: 5 s 109, x. 49% y. KAP 
109,. x Rr, ere, né ene, VH PR 
‘Log, 2 = = SCH e 
Exponential equation 
š of = b = PAL 
whence: X a 109 D "a P Vo 


109 a 
| conversion of logarithms 
10 x = 19 ex in x = sss -x 


4 . 19 x 3 š 
d 25 2 x Le 2.302585 x lg x ` 
d 25 Base of the natural logs - e = 2-718 281 83.. XN 
Key to common. Logarithm ‘of a number 

d 26 19 0: 01 = -2. 0 

^ e ? r d Fe 
. d 27 19 0% 09.01. or s. | 

d 28 19 1 = OQ. POL s | 

d 29 19 10 1. | 
d 30 1g 100 = 2. 


i etc. 
Note: The antilogarithm always has t ESAS 
sional 3579 o de a non -dim 
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' ARITHMETIC 


Powers; Roots 


Conversion of general algebraic expressions 


d Ai (a tb) = d + 2ob + b 


| a 
d 32 (a £b)? = d + 3a*b + 3ab° k b° 
"yn „„ OR na n(n-1) nay. 
d 33 (a + b) = Q +70 b+ 3 E b* + 
n(n-1)(n-2) - 3 ` vi 
t— LE RECH b + .. D 


(a+b+c) = d + 2ab + 2ac + b? +'2bc + c* 

b + e) = qt - 2ab + 2ac + b! - 2bc + c° 

d - bt = (a+ b)(a - b) | | 

a+b = (a b) (e- ab + ^) 

a -bd = (a - d) (a“ ab + b) 

a" - b" s (a- b)(a"* + db r d RN ` 


„ a ns, : 


Quadratic equation (equation of the second degree) 


d 34 
d 35 
d 36 
vd 37 
d 38 
d 39 


; - 0 
rm a + bx + C | 
d 40 Nópmal fo | rer 
+ Xe Ya S S 
d 41 [Solutions a9 72 Wa a à 
" LI F t 
tion of a square roo 
\ Arithmetical calcula son anation, I 
example ()-values corresponding to example 


ntilog into groups of | 
dee bar nd at the decimal 
pote root 
reatest square ) 
d e jo 1st group(21).Square 
cesoltiag integer (4), which. is 
Oé: figure of final result, and 
es oF subtract square(16) from 1st group. 
| (43) to remainder (5) and er Ce 
e) Add next grouP t tained hitherto ( #= 8). 
double the rase js next figure of final FACH 
result (6) h boer? Mustiply this divison(86)by 
. doubled Ee ‘final result(6). Calculate diffe- 
qe at until required accuracy 1s obtained 
rence(27): 2m 


d 43° 
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ARITHMETIC 


Binomial theorem 


Binomial. theorem ` l Ze in 


: E * b) LA éi sole: 2 7 25 b: len E: * s 


`. "n must: be a whole number 
: : : 4 43. " 3 4x5x2 ot. 1 4 
d 45 (a + ay = 1a" ate tat ne 472 1x2 att be LA a b^ +b 


s» gi + a° b + 60 d+ 4a b. b* 


Diagrammatic solution 
Coefficient - Pascal triangle ; ; 


4.46 | (a + b)° | | ED mes ^ 

d 47 | (a +.) e. EK 1 

dii e Ce O Ae 

d 49 (a bye es d % NI E m. e 5 i 
2 450 | ( VVV 

TTT 1 

VVV SS Oo 


Continue with ‘each. line. ‘starting and finishing 
_ with 4. The second and penultimate numbere should 
be the exponents, the others the sum of. those to 
the right and left are above Ges, 
Exponent 
The sum of the ‘exponents a and b ín each ET 
eparat 
` term is equal to the binomial exponent n. he: Ur 
power of a decreases. the | poser of b increases. i 


Signs i 
a + b). is always positive 


( - b) is initially 
2 gie positive 
; term to term ` 9 55 changes | ‘from 


EN anples 
d 53 9 e 5: 
4325 € * 5. . Se b: + 10d RA 10a? 8° + Sab +. ve 


+a" = 5a*b + 109.08 + 10a? b+ ab. ; 
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` a 56. 


457 


d 58. 


d 59 


à 60 
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ARITHMETIC: 


Determinants and linear; equations | D 2 
en AE RE dee 


Second | order determinants 


— 


Ou X n Me AS 
an X + An = Pa 


. | = Gw Qm an Ga 


E M - + 
š 


insert r (column in place of 
column x , Column y 


REPE EU 
da X + Qm y+ A Z 7 rs 
dioi * o» M E 03 


* 
| Qu Ca i ad on An a Qi Ge Cs + au d on 
T ag PR Sec an kus Cu da - Ms Qm d 
a > . 225 d KR? ° Zen, P E š 
um a pide lee ee, Ces 044 Qm da — Qa Go Ass 
Eo. Ier i. 
column for x column: 
| Ea — = P az Gs + Ou Oz Ts 
> M E ¢ Ca Ads Pa. ds x au da rs 
pi T, i EPA ER (TF Qs Om Qa le Gs 


S Lato rs , Un 
z a= 3 ‘ `. d 
fs o Be Ze MEE 


ae D and, Ds: similarly by replacing the 
“and column. by the CS | SS 


t 


continued on 06 
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ARITHMETIC ` 


Determinants and linear equations 


D 


” 


Determinante of more than the 2nd order: ; | 
used for. deter- 


(The Sarrus Rule, see 05, may 35740 


minants of higher order than the 


By adding or. substracting suitable multiples of two 
rows or columns, endeavour: to obtain zero values. 
Expand the determinant starting from the row or 
column containing most zeros. Alternate the signs 


of terms, starting with ay as +, | (Cw 

Example: I , 
| au an ais 0” 
" . y | . 4 
* v. an — Di an oe a33 Hi 
d 64 mas a: an 43 
dé DÉI 

gu Gu 04a 0 


i i uf res aiz —— 01 Ou A" an ...... 2 
d 62 az an az an en An 93 i 
; Du Hau Qj a, - a ds 
y " 1 \ - À 
Further expand as: AS 
d 63 D= aj, an n an el Dn a aa 
; | "q. a 12 ) +a] alla i 
‘op 42 743 [du aal E Qa Saaz |. 


de tne P ma D As 
Juan of D, and evaluate. in the same Une fer 
SE EET e EE adi E 


(see D 5) 40 


4 64 


Mos Note: For d . * ^. 
Lt. eterminants “r a. 
` until dete of the nth.order continue 


rmi | j 
obtained. ^. E arabe 3rd order have deen 
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Series 


Arithmetic series 


1s constant). 
Form À 


d 66 


ERU 8% ln! = A) DET ; 

oe A 4 E 

Ñartthmetic nean: e 
Each tern of an arithmetic series 
mean am of ite adjacent terms m-i and Gm+t: 

; Thus, the.mth term is RE 
d 67 teh gat ok aes s n tor 

(e.g. in the above series as 2 


- Geometric series ` 


The series 1, 2, à, B, etc. 45 called A 
series(the quotient of two cons 
stant) ; 
Formulae: `. Er 
an." a 4. f 
; ae 


gel. SM 


s, aqo) 


geometric 


d 


D 
4e mean: A E wa, 
GE of 4 geometric series gs the geometric 
mean am of qts adjacent terme am und dm+4° 
Thus; the mth term 18 
| / | am = oe? med E : 

(e ge 11 the above series "0% & TELE = 4) 
or 1mfinite geometris series (xe; iq| <1) the 

following statements appiyY í : | af 

„ ima, ^ 0; > ‘8 4 345. s ë 1 
| an" A dd 8 * Oris 
sv ter" ` ' ta „under an i - A 
7 E : , ls : e o terms 
as: final term aden tn^ | eer of ali terms... 
Se Ge q : Quoti^nt of twa con- 

secutive terms. 


a 70 


wt. 


—— 


aT 


The series 1, 
ene dike dn 7, 10 etc. is called an arithmetic 
erence between two consecuti*e terms 


ja the arithmetic 


L 


Gm mi 
2 | 1 WR 


for 1X«n«n- 


AHI [HM "nc | 2 ie 7 


A 


” 


ecutive terms is Con" 
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ARITHMETIC. 


Series 


: Binomial series SL AE 
' 3 Ç G) a, a 
Cam ovt + (Se £o + as. 
a may be either positive Mis bed 
E whole number or a fraction. 
: Expansion: of the binomial coefficient: 
a\ ala - 1)(a - 2) a 35). d'en +, 
lx — 172 | 


d 72 


xn 


E Examples: : 
| 72 * W | 
d 75 = 7 (117) =13x+ * 7 „ 
N ; 1 1 1 
š `= + Ly. + 
; d 74 1 t x = a £ x) 1 £ Zr : dr + v 


+ 
LW 

+ 

| 

+ 


Eis series 


rz) = gta) +2 £o (ea) jl ie Lar sc 


putting azo gives the McLaurin series: 
| f' (0) “(0) 
f(x) = OR IM. + — xt. 


d 76 | 


em] 


Examples: 


gx 


2n ei SEI 2 51 


d.a zang d ind a ina), 


d 79 
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Examples 
d 83 sin x 
d 84 cas x 
d 85 tan x 


486 | cot x 


` cosh x 


arcosh x 


# 2 


arcsin x 
arccos x 

‘arctan x 
-arccot x 


sinh x 


tanh xs 
i coth X. 


arsinh X: 


ar tanh X 


ar coth x 
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. ARITHMETIC 


| Series : 


` Taylor series : 


(continued) 


+- 1 t 


E eae 
Ps 
Sch? E 


4 
d 


Sa 
SE A 
x 


- arcein 
Im n EVE. 
UE E ae 


k 


- arctan x 
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ARITHMETIC : 


Complex numbers 


2 


Complex numbers, _ 


General: 

z ape? = a 1 

a = real part of z . 
b = imaginary fart of z 
"rs absolute value of z 
= or modulus of 2 


9 = argument of Z CS 
í = yar 


— ——— 


a and b are real 


it = + ` Pire -i 
NEE U EDD. 1 e -1 
43 = - ' y? a +i 
A3 = +1 „ de. 
' etc. 


Note: In electrical -engineering the letter J is 
used for i to avoid confusion. 


In the Cartesian coordinate system: 


2. + 22 = (a+ a) + L(dy + Da) 
mE D 2 (.- ag) + 10. ba) 


2, x 22 = 


(4. c- de de) 4 (a, bat dg b.) 
Z Bt EE TA 
22 : 0 + by Ya Gg rag 


Q + b: 


= (a + 1b)(a - AN 


Ve de at + of + Ss er: 


Where Q = Op and ei = ba, ‘then Zi z 


continued o en D 11 
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a.a a 


— — —— 


| . Cos pos š 2 Wi E sin 9 eg N 2r 


jte: p should be Te along the are 
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ARITHMETIC : Du 
Cemplex numbers 
: Complex numbers: 


(contfuued) ` 


ann the polar coordinate system: 


=n ihe polar coordinate system: 


z = r(cosp “+ 1 sing) = a+ ib 

r ` = ; Mes bê à ç 

9 = arctan T | 
a 


EES | 
| coup. . E tan $ SE EH 


21 22 = n r [cos (8 SE + 1 4400 9a. ih 

doc qo E I iid +i L stala. -92 2 Gadi 
Za . T2 

2 = bestes. + 1 stell (n>0 integral) 

| + 23k 

Ze 1 [E e 4 Wieren) 
Vr =. cos E + i sin LE (nth roots of. itt Y 
in formula d 119 and d 120 * O, Y, Lis n-1 


, 


JV. = cos? + 4 sin 9 
i? zA LI g.- 1 sin * cos? T Bin? 


2 


Vë ETES : sin” 5 D Ee G ; 2t 


is 0 oca ul 


10 2 = la r + 1(9 +. 2xk) : Ww = 0, 21, 12, .. 


Where. ps D and pi = en 2xk, then. PE E 


ind is any arbitrary whole number 
| > 1 8 


(e CamScanner 


` Y: 


24 


ARITHMETIC 


Application of geom. series. 
xdi AA, cie ES c 


Compovad interest calculation 
` ; Ae = ko q^ . 
AE 
Rog ER 
i | Anñuity interest calculation 
; = oe. KS | ` => ` 
: Së 
a 5 „ Bail 


qm 
EY CI S 
A are 
pot uw `. NE | | 
| Where k, =.0, we get the "redemption formulae" `: 
Deposit calculation ` 
° .. (savings bank formula) ph; Í 
Ky N q'a CRA : T ; 
n 0 q . E 
M . ft M à š D | DS 
| Pow obs S ko Med 1y `: 
| EE d PH 
š ; EE d) ; 
db x wies EE x 
3 le. ” i I 
Koi initial - |. EE. 
Ra: capital efte; Ar t5 + number of years 
P annual pensxu;.- ` : i g 214 ; Se 
(aithdrawals) 1 te, rate Of int ane 
(e.g. Q'ES e E 
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| ARITHMETIC. ` 


š de CO š *. 5 
-sicomaronstr of algebr. expressions 


134 
135 


136 


137 à : a:b = b Wi 


x : Jrd. proportional 


138 
KI 


anre 4 : 0 


x : mean proportional. 


= geb 


or = | e A "E 
x3 hypothenuse of a GAS, | 
angled triangle | 


440 


141 


142 


x neight of an tert 


x mu E — | 
* CH a 0:618 "ets l 
ait A43 (a-x 


x; larger section of a re” | 
peatedly subdivided line 


(golden gection 


> - 


- 
+ „„ ct 
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FUNCTIONS OFA CIRCLE | 


Basic terms 


Circular and angular measure of a plane angle - 
\ = A y 
Circular measure 


Circular measure dac the “ratio 
of the distance d measured 
along the are to the radius: pe 


At is given. the unit “radían" 


Wa E x 
Unit: rad | 
Angular measure is obtained by dividing the ‘angle 
subtended at the centre of a circle into 360 equal. 
divisions. known as 2 A : 

- Unit: 9 | E Pd 1 DL 
| . . De 
A degree is divided into 60 Abu tes (unit: TT 
& minute is divided: into 60 seconds (unit: nj, 


Relation between circular and an ular measure 
. By considering a circle, it may be seen that 
360° = 2x radians 
or rad 57. 29580 


degrees 


radians 
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FUNCTIONS OF A CIRCLE. E] E 


General terms Me, 


Right'angled triangle 
.opposite » E : 
hypotenuse ` . 


" adjacent: te 


hypotenuse 


| adjacent RE? 
= ^ — 


. opposite de 
cota opposite ^" a | 


ad jacent- 


elo ` ole ole 


- Functions of the more important angles. 


vations ‘between sine and cosine functions . 


Basic equations ads Ehe 
Sine function ^ y = ‘A sin (K< - 9) 
Cosine: function y = A cos (he - E 


— sine curve - ru I : 
A=-— sine curve with an ‘ ET and k= 1. 
r- cosine curve | *"Pli*ude of | ^." e 5 and k= 2 
or > and 
E ele with a phase shift of di GN 


Pres 
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"FUNCTIONS OF A “CIRCLE 


ie 


p 15 £ + cos a | sin( 90° + a) = * cos q 

ES | e 16 x + sin a cos(. " ) * - sin de 

y a 17 = + cota ‘ant S : = Cota 

; e SE = + tan a | cot : . tan a 

1 619 a) - sin. sin(180 +a) = = sin t 

d e 20 D ) = = cos q, cos > ) : = m cos q 
E dr „ ) = tan a an d * : tan a 
pe baa a 22 ” ) = -cota|co e L7? -+ cota 
i e 23 | sin(270%- a) = - cos a |sin(270 +a) = ~ cos à 
bz eëhleent ) = = ain af cosl "Jr + sing 
| e 25 | tan( " `) = cot a | tan( » ) =*= cota 
isi f e 26 | cot( ^ " ) = *tanaj|cot( č " ) = = tanq 
d | e 27 sin( 360° -a) = -sina sin(360° + a) „ sing 
GH e 28 [cos ) = *cosa|cos( co" ) = + cose 
oe e 29 | tan( " ) = = tan a | tan( " ) = + tang 
1 e 30 | cot( ng ) = = cot a | cot( " -) = + cota 

; e {stal ) = — sina sin(at nx360°) = + sing 
e ) = + cos a | cos( w ) = + cos a 

e ) = = tan a | tan(a + nx1809) = + tana 

e. ) = = cot a | cot( " ) = + cota 


g 


FUNCTIONS OF A CIRCLE | p, | 
` Trigonometric conversions Xu 


Basic identities identities | 


e 35 sin'a + cos? a tan, a LEN taat Got q. 1: 
1 + 2 l 24 yi 3 1 
e 29 + tana 898977 ü 1 + co tẽꝰ a » TS 

= secta : = cosec?a 
Sum and didfacence of ide 
e 37 sin(a £ B) es sing cos 8 + cos a sin B 
e 38 .cos(a £ p) - cosa cos 8 + sing sin B $ 
t H : us . Jj š t š: a 
e 39 tan(a 48). tana £ tan B. 


1 + tan a x tan 8 
ae 
ER d ER 


cot(a 2 8) 3 


e 42 = 
ks ^ ^ 2 “ka d dE A LIP a 2 
e 43 cos a + cos p.- 2 coe 2 cos E 
| E | : : a + p g = ` 
e hh cos 4 - COS B = 72 sin aif | sin £e 
+ SEH sin(a À B). | 
e 45 | tana- tan 8 Tos 4 cos d 
-gin(s £ a) 


cot a £ cot # H axsinB ` 
a cos A= El sin(a + p) ++ sin(a - 8) 
Se cos(a + B) + $ cos(a ~ A) 


cos a cos B® 


ius cm 


cos(a - 8) - E cos (a + du 


tana + tan 8._ Xan a e tán B. 
` tan a ‘San d . cota + ‘cot B " "eet a = cot À 


dot a + cot B. _ cot a = cot 
cot a cot 8 an a+ tan $ Tm 7 


tan a = tan 


gin e: sin B = 


e 


„  cota+ttang,_ _ cot a = tan g 
tan 8 tan a + dot T a n 


e 52 coc a . tan a cot 8 
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FUNCTIONS OF À CIRCLE | 


| ee conversions 


i Ratios - 
“between. simple, double and half angles 


“sin(90°- al 


Y - sina 


2: : 5 
P "Wr 1 


t= 2sin'$ 


Yr + tan 
i Jeos?a-cos(2a) | 


F 58 ae pen 
UU 2 S x re 

e 60. TZ | Ç cot? 2 

e. 61 

: e 62 Sa 

e 63 geota~stana , 
e 6h 

e65 | 

' e 66 
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1 FUNCTIONS OF A CIRCLE - 


Acute angle triangle 


o Oblique angle triangle 


Sine Rule 


e 6T "sina; 210. 5 sin ya jq bi c 
e $ 43 : ; 
68 PFC 
e 68 oom CS ne Copie. E 
e 69 b. s uie. n = sin poe ; 
. Kë 3 b oe : 
ate mu sin a sin r sin g 5i" Y 


* b? + c! - 2 bc cos a 
bt = ct +a -2 ac cos £. : 
ew o + b° 22 ab cos Y ` ` vM 
(for obtuse angles the cosine is negative) rà 
| Tangent Rule SE | Saree 


a+ ` e a+y E $ PE 
34 a +b tan 5 ara it ve be tan Fer | 
e S WE SE aey | b =< E 7738 

us ds b | tan SÉ a-c tan 2 Keen tan EX. 


Half-angle Rule * p Mm 
= | tan 5 = | tan + = st 


area, radius of incircle and E 


š `a 
tan; = 


AL + pesina = Tac sing. = Tabein y . 
A = Vs(s-a)(s-b)(s-c) | = os 
E "(s-a)(s-b)is- c e T io 
e = —— RECH 
1 [PA pe bo 
VC EL TE AE 2 sing C FGÉT 
š . 11712 : 
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Inverse trigonometric functions 


FUNCTIONS OF A CIRCLE E, 


|. Inverse circular. functions 


[Definitions 


Seat ta RS 
arccos x |arctan x 


identical 
with 


defined. ' ; "00 <x<+o0 
within 


principal ae y»0: 


value 


Basic properties 


atios between inverse circwlar functions 
For ‘x 20: ` 


arccos x * arctan x = 


arccot x, 


arcsinx = 


arccos £ -x 


ora (e | | 
are tan ET ac ecos ex arccos ri 
EURE (A re y| arc T Nan 
x Wd cott ar ctan 
For x $0: M ` 
arcsin(-x) = -arcsin arccos(-x) = x-arccosx 
arctan(-x) = -arctanx | arccot(-x) = x-arccotX 


Addition theorems 


arctana £ arctanb = 


arccota £ arccotb = 


TE x 
arccos x * > - arcsin x | arccot x = 2 - arctanx : 


_aresin a £ arcsinb = arcsin Gel SÉ + b , 


MS 
arccos 2 arccos b x arccos (a o TE ire 


— A 


ANALYTICAL GEOMETRY’ 
| | Straight | line, Triangle ° 


n 


js 5 Straight line ` 
qa [Equation _y=mx+b 
ES 


DEE, 
Gradient... m = Ya = Ya š ges? 
EE X2 — Xi Rte 


| Interc. form for a * 9; b * 0: 


Zag = 1.=0 c | 
: RES Gradient My SS Berges . 
s fh +. cular AB ot 


t 3 


Kine: joining two. 501858 P, [TT and Pa (2, ) 


H SE Vac Ya. ` š 
r= A Tz— D EE 


We Bee 
Line through one. point Pana and gradient m 
F 6 ye ya m 0) SES 3353 


(za x. T EC Y y 


‘Distance between two points d = 


Tory 


Mid point of a line joinin two points 


Point of intersection of” 


Le wo strat ht lines 
4 be = 
: Bi = 
) see 
l An gle of -intersection T ma = My Du een: 
f two of two straigw -=m ht lin 


\triangle 


(see diagram triangle) 
99 xi = a J ya See? hy * re xa + Da 
e Ta 
El Së ne = A + ESCH 
SE asi 

| BEE AA X3 
| entroid S ms 3 


gent Re d 
E -. A tust My 


710 


711 


712 


Ge where x and y ‘have same diaénsión and are r > 
ted in equal scales (see also h 1). epresen- 


* 
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[Radius of circle ` 
— — 


[Basic property PF = Se 
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_ Circle, Parabola 


ANALYTICAL GEOMETRY | Fo 


a Are le 
Circle ecuation NE 
| centre . E 
at the origin elsewhere 


xt. y š. rt 
Basic equation ' 


xta y ax + by +c = 0 


NEEN 


Fr = Ve + ve T0 


Coordinates of the centre 1 
«oorcznates of the centre # 

um b 
2 Mo 2 


-> ya r? ETE Ag. * 


Parabola 
—  SSIIƏISSIIIIImm m m!TOS@ÇQ 


Parabola e uation (by converting to this equation the 
| ay be ascertained) ` 

Parabolalr: focus : 

open at UL: directrix 


xt = 2py (x-xy )? = 25(Y-Yo top S: tange 
: ta 
x* = -2py (x-x, )* =-2p(y-y, e e 


y = ax + bx + c 


Vertex radius 1 p 


Tangent T at point A (l) 


ue 2 W-yol(r-x) | 


* > Xo 
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ANALYTICAL GEOMETRY T F- 3 
a - Hyperbola - 5353 


: : Hyperbola 
Hyperbolic e uation SE 


point of i Mersection of asymptotes 
. at the origin "elsewhere 


z y 
— 1 = 0 
Basic equation. a : za eh 
ac eb + cx + dy +e = 0. N 

Basic property 


= = | 2 


NF EB 2 2a. 
Eccentricity i 


e = Ya? + bš +) 


Gradient of asymptotes 


(25. 
f 26. 
e 27 


f 28 


. + 
f 29 | tana =m = +2 | 
Vertex radius -p GT d 
f 30 Tan ent T E 3 b? ( 2 Xo )(x - 2 š 
e ro IO le S 


at P i Ex U.) | 
| Rectangular hyperbola 


Explanation ina rectangular 
hyperbola a = B „thus 


"I Gradient of asymptotes 
tan dems ft (4 = 45°) 
Equation (for asymptotes pa- 
parallel to x and y axes): 
point of intersection 
of asymptotes 
at the origin elsewhere 


xy = C Grue e° 


vertex radius 


= d (parameter) U 
conditions GE to note on page F1 


ch 
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‘ANALYTICAL GEOMETAY | g 4 
Ellipse, Exponential curve E 4 
Ellipse OS 


Ellipse equation 


point: of intersection of axes 
at the origin elsewhere 


Steet = 


Vertex radii 


2 
Se 
N a 


Eccentricity 
ae eee 
Basic property 

FP +P = 2a 
Tangent T at A (xa y) 

ys AE r: SE 
Note: P and Fz are focal points 


` 


ee. 


Exponential curve 
Basic equation | š 


y * EI : 
. Here a de a. posi- 
tive constant, and 
x la a number. 
Hote | 
All exponential curves 
pass through the point 
xao; y" 1. ; 
The derivative of the 0 
curve passing through | : Š | 
this point with a gradient of 459 (tana la 1) is 
equal to the curve itself. The constant a now be- 
comes e (Euler number) and is the base of the na- 


tural log. ë | 


+) conditions according to note on page F 1 


x 
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HYPERBOLIC FUNCTIONS 


RENAN pci 


-. 


» 


Definition 


sinh rs 


cosh x = 
tanh x = Ses = 
coth x * X = r 


[Basic properties t 
: cosh? x - sinh? x TE w À 


tanh x * coth x x 1 


sinh ja — 
tanh x = cosh À dk tanh? x = Seon 


. 
Leem fr 


Ratios between h arbolie functions 
where x ia positive ` Se Dura 


| a Ç ze | 


1 à E 
ÿ 10 ats - 1 coth x tanh d 
gd For mpm: = -sinh x cósh(-x) =.+cosh x ` 
g 12 ¿argument itanh(-x). = -tanh x coth(-x) = -coth x 
P | pesitos Heem 
A "uk sinhta À b) = sinha coshb & cosh: 
š Š 14 cosh(a = +b) = cosha coshb + a sinh b 


sinh a sinh b 


„tenha i tanh bo 
| 1 X tanh a tamb. 
eoth(a tp) =< tha coth b t1 


tanh(a £ » 
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| HYPERBOLIC FUNCTIONS | , ~~ 
inverse hyperbolic functions G E, 


Inverse hyperbolic functions 


Definition ` deme 
A function y = 
arsinhr | arcoshx |artanh x arehtd A 


Lal enka sa? ie dE x+1 


Identical 
with 


917. 


defined 
within 


— — 


primary 
value 


* 0 19 


| 9 20 


Ed NE Ru 


Emm 


x 
SCORE 


9 23 areoth A ar tac 
For negative argument: 
9 24 arsinh(-x) = -arsinh x 
9 25 , Srtenh(-x) = .~artanh x | arcoth(-x) = -arcoth x 
Addition theorems i 
Addition theorems ; 
g 26 arsinh a + ars y y 
inh b = arsinh (a Vë + bYe) 
g 27 arcosh q + x 


arcosh > = arcosh Cat FEITEN 


9 28 artanh a £ art 2 
N - anh 5 ab 
| | | 2 artanh 1 ab 
q 29- arcoth a tarcothb = gëeent, SREL. 
LES: ^ a 2 5 
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^ 
> | DIFFERENTIAL CAS u, | 
| Diff emt’ ` ES 
YA “erential coefficient Q G Sse eS 
Dif . ` 2 
ferential coefficients (or derivatives) 
Gradient of a curve - - 
The gradient of a curve y= f(x) 
varies from point to point. 
By the gradient of a curve at 
point P we mean the gradient. . 
of the tangent at the point. 
Yf x and y have equal .dimen- 
sions - which 13 not the case 
in most technital diagrams - 
and are presented at equal 
scales, the gradient may be 


expressed by the tangent of angle 4 between the 
tangent at point P and the horizontal axis: 


m = tana 


Always applicable is; 


4 
gradient m * S. 


` 


eg 


Difference coefficient V: 
ELT difference coeffitient or 
mean gradíent of the function 


PP, is: 
y= f(x) between d | 


AY f{x+4x)-[(x) 
* Ax 


h 2 Ax 


oefficient 
pafferentiel sore ely small, 
ip ee 4x approches zero, 
ix sie at P becomés the li- 
miting value of the slope of 
ang of the secants. This slope 
am the "derivative" or "dif- 
‘ferential coefficient" of the 
function at P. : $ 


ya ese) 


„ = Ain , Ais L(2+4x)- Fle) Za 
VO" CC dx 1 f(x) 
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DIFFERENTIAL CALCULUS | H2 2 


Meaning of derivative . 


“Geometric meaning ‘of derivative ^ 
gradtent of a curve. | a 
x bt a curve, we piot its cor- ; 


: | gradient ‘as an. ordinate y), we obtain. 
the first Sen curve H = f(x) or the first de- 
ive | or curve y = f(x): If we now 


take the derivative of the first gradient. ui = f(xy, 
we obtain y” = r(x) or the second derivative of ` | 


~ the original curve y *, f(x) etc. 
Example: y s as BÓ Cx + D 


minimum: vnda SE 


: Radius of curvature e strani point x 


š ¿Va 1 13 below the curve dard ç is- 


CR D 
"Q : 
y : ud is above the curve where q ist ` 


Centre coordinates for radius Si 9 5 ` 


dia EE -+ E yi 
KS Ki yid FVV Ad | A 


: | e ub MO E LC continued on 83. 
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DIFFERENTIAL CALCULUS | l 


Meaning of derivative 


H3 


Determination of. minima, maxima and inflexions. 


Minima and maxima 


The value x= a obtained for. DE 0 is sneered 
dn y” š f ! : 


For y" "(a) > 0 there is a ini at x = a, 


h 7 
h 8 for V% (a) < 0. there de a maximum at X G, ` 
h 9 | for y" (a) = d see h19. 
Inflexion E , 
The value x= a obtained SECH éd 0 is Seanad ee | 
in y” | ai Es 


For ya) + 0 there 4s an inflexion at x = as 


H 


388 of the curve y = f(x). 


Rise and fell 


h 11 y’ (x) >-0 y(x) increases as x increases 
h 12 y (x) < O y(x) decreases as x increases 
WK y’ (x) = 0 y(x) is tangentially parallel 
GA | the x-axis at X, 
Curve ! . 
h-14 y"(x) < 0 y(x) is convex (viewed fron above) 
h 15 y"(x)>0 | y(x) is concave(viewed from above) 


y” - with |a change of sign flexion 
(x) | ro Pl „(x) at x has Jee Gre. 
Exceptional case 


Where at a point x = a 


y' (a) = y „(a) y“(a) 2 yA (a) = 0, ^ but 
V^ (a) & 0, one of the 4 conditione is present: 
n = even ‘number | 


y” (a) > 0 


ee RE 
S 


na uneven number 
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DIFFERENTIAL CALCULUS 


Basic differentials- h 


Derivatives ; 


Basic rules: 


4 


function derivative 


her]. y. ex + C . Huis vg ET 
h 22 Y u(x) 3 v(x) ! y. u (x) t U deii 
1 * 23] ps u(x) v(x) ` % = wotu 


e Eege u(x) > to vn - uv 
: h 24 H aen AVE Eé 
e a * YI * n 
X 1 mS 
i - 7 yar A 7 
nest y = u(y > y’ = wl E v' 1n u) 


Derivative of a function. of. a function 


tenet rule hate 
| u 27 "hei s 1 a'ta) 
Id. As duo 
dx du dx 


E Parametric form of. derivative 


uud ae, d a = f(t) ECH HONTE E 
des rs 1 15 Mt) at a ES FS 
ROM oe | , Sy. xj - UE = 
n 29 y ec - UMS 


: Derivative of inverse functions E 


" The equation y = fx) selved for x gives. the e inverse ES 
function x = ply) 


kx ox c £9) E ai. = EI Des 
B fune JC 1 s 
h 31 : ra: Arcos x 70 y j^ YA * 4 


" Pu i 
| 43 E 
DIFFERENTIAL CALCULUS. Hs 
d Basic differentials Bis Bee 
p e Derivatives ' 
Exponential Finctiuns ; i 
Aes Se eu É E í š š d Gan 
a Function -— derivative ` : 
joa KI Dd 
y = ef? | u xs aa" GER 
H = PU — 4 „ ef (1,5 x) 
| y = Ye y . E: $ I : 
Y * "ef, y Di a* ine 
y xam „ no Ing E 
px x | pos al 2x In a | 


Trígonometricel functions 
MAA m—yLꝶ — —¼.L - 


qo LE R ge SERS. x 
re ES E "OIN SA Ya sin x : ; i 
| vs be à T+ tans 
y = tany , ` |. T eosir: SE 
x s : RS Li ou f 
geris EN UIS EN CM EN 
y seet v vsu AT + cot x, 


Za = =cosec? x 
x. k cos (kx) ` 
= =a K "ue EN 


ce, e gin(kx). 
= a cos (hx) ` 
A E sin” x E n eim à x cos x 


SE zs CET š 
= =n Cos x sin x SP 


y 
y 
y. 
Y „cos x 
y 
Y 
y 


= < < < < < < <. . 
| | 
2 


= VV tan“ x (1 + tan?x) 
= Get? och Got x (14 cot? x) 
| ; ds 1 | “Roa x M 7 ki d 
y A] C^ min x E aint x 
déi ES T 1 * 
: h 5E y. "eenz * ums 


(e CamScanner 


DIFFERENTIAL CALCULUS He A 
Eusic differentials SN 


Derivatives 


Logarithmic functions f | d | 
| derivative 


function 
: CH 4 
h 53 ln x y x 
| | Suen 
h 54 y = “log x CS Rire 
„ e Ze 
ln 35 y= 130 (1 r) | V * Tex 
Insel ov = oim os RN mU 
d HO ` . 1. 
VV Mor ay 
resten e functions ce, , 
de sa| y = sinz Ins cosh k 
h 39 H = cosh x yy x sinh x 
né] ve coth x aee EN 
= | eee sinh? x 
; Inverse tri oncaetrácal functions. Aes 
h 62 , y = arcein x , | y = qe 
h 63 y = arccos x š y' "cy 1 
h 64 „ arctan x yox T3 | "s 
h65| <y = arccot x y = 1 
| 2 E "d +x: 
h 66 H = arsinhx ` y at | s " 
! o web e Rr F 
: ; . 5c A eb * + 
b 67] vy arcob x | y u ——— 
M SA ar . ». 0 e PT E 
h 68 Y: = artanh x . yi A KR 1 : 
5.6% „ ES E 
n. " V. = arcoth x d Kä po neis 


CS 


Q 
£5 
z 
UN 
le 
° 
5 
3 
O 
= 
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_ INTEGRAL CALCULUS 
Integration ; | 


! 
Integration. 


LE reverse of differentiation | 
e e calculus we nean the problem of finding 
a function y = f(x), the derivative of F(x) being 
equal to f(x). Thus ` 2 5 j ' 


A 


3 1 : ; | Fx) z — = f(x) : e 
hence, by integration | 
the indefinité integral - 

j2 df) ax =, F(x) + C 


Here C is unknown constant which disappears on dif- ` | 
ferentiation, since the derivative. of a constan? > ' 3 
equals zero. j ES . 


Geometric meaning of the indefinite integral. 
As this figure shows, there : : 
are an infinite number of. 
y = F(x) curves with a gra- 
dient ys f(x). All y = F(x) 
curves are the same. shape, 
but intersect the y-axis at 
varying distances. The con- 
stant C, however, establishes 

: a fixed curve. If the. curve 
` 48 to pass through the point 
xo/yo, then 1 1 
C = „ b. 


The definite integral | 
The definite integral is represented by 


fro ar ».F(x) = F(b) ` Fla) in 
dte „ 
Here integration takes place between the 1 l 
ne betwee 
AM tid 8 "the irt Auto ratan te Ge 
disappear. * first causing the constant C to ^ 
> f , * . n 2 2 E ° . V. 


` 


LÀ 
^ 
* 


S 
vk 


ë: 
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Basic formulae: 


D 
0 
p 
ge 
— 
D 
— 
L... 
+ 
a 


fu (x) w(x) dx 


| rntegration, by parte 
fu (x) vii dx u(x) v(x) - Ju (z) olr) a 


integration by substitution 


Fee e = SAP] etai az 
bere x = g(z) and Ar = 9 (z) ar 


‘Examples WA | 


PG) * [153 sx. 


¥ 


Where 3x 3 = z, the derivative is z = Es 3, 
Thus ax + expressed in terms of z, the integral 
becomes: Fix) “fe -$ $ zz + C.. Insert value 


of 2 an above expression; 2 = 2 (32-5) 35 * 3i 


CamScanner 


INTEGRAL CALCULUS 


| ere eee 5 


: : 
= arcsin g 
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Basie integrals, 


Notting integral constant c) 
[et dx [r3 e” : j | fan; ln 1 ar d: S + x S £ | 
x Yes : des Ped | 
j dx : 1 ‘ 298 Ge de a ; É Y ^ 
= a) ( "een? zi Mons E WEE 
E x d GA ut. í) i 
(x - a)" UE i i 
B SC 8812 A 
A SEI ° | pM We 
la = 1 actann d La 20 in me hos (x< al 
| Ls * kuanzi er. Æ EU | 
| > r eee arctan + E ES 
[CE dM T Ze de Fa): EN ' Ay 


ente etr: | | 


oe m= = 2 x 
E — — 


perm SIE 


sane = ` jn 8 “Fy 


a 


Si puse rr = in te + pe *) 


£ * + d + S. arein X. 


S 
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E? 


— ks Go une | 
` P "d . 
à ae t.. L. C Ce 54 


EE E: 
feos ar =. sin x + 12 ‘gin (3x). 


tanx ar om 
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INTEGRAL CALCULUS 


Basic integrals 


“(omitting integral constant c) 
sin x dx = co ` : 


sin "nap ee DUAL UM ME, 


sin x dx = - 2 cos x + dy cos (32) 


sin” x ar z ELE x sin” x L uo x dx 


sin(ax) dx = aa cos(ax) 


cos x dx = sinx ` 


[coz dx. = 2 qun, 


4. 


feos" ax "Loin x cos x (MU 4 r & 


: eos (ax) ar "a sin(ax) ` | x 
fran Eër .- 1n cos x ftantax) ar ar == 1 Soa (az) 


[tantx dx = tan x - x 


Xam m s [ta x ax onset) 


Rie 
cot x dr e ln sin x GE ax = Lan stater 


cot?x dx = -xX cot x 


cot dx ` = —— -f cot” x E R (n ° 1) 
E = In tan à Hide Sor RUE 
[se Erma] err E 
5 : = 1n » | KE = tan x 
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INTEGRAL C CALCULUS 


asic integrals . 


e 


“Integrals 


N YA “Comttting integral Sone tant c) ° ; 
9 = = J f dr 5-7 
; 1 + sin Z ds 2 -à | tr" 218.5 seg 
` dr `, " * — ; 
H ` š X 
S r Um N t reot 2 
51 fain(axdein(iic) - -- sialarthe) + Sinfox br) fat e100 
52 [san(ar)cos(ox) = 3 Leger del ieh 
53 feos(ax)eos(ox) = stara, EES (lal 100 
54 le sin(ax) dx = E cos(ax) += * cos (ax) ax 
e i n * I A A " T 
55 * cos (ax) dx = = sin(ax) -2 5 sin (ax) dx 
56 (arcsin x dr = are x N= Wis 
51 |.[arccos x dx x arccos x ~ yi 
58 farctan x dx = x saben x — $ in(i +x) 
59 [ arccot x dx = x A x + z 0 + 2): 
ete l un 
60 [sanh x dx = cosh x . 
61 | fsinntx a 7: sinh (2x) - + 
62 [s x dx = + cosh x sinh" x = Sct sint” Ze ax 
i 1 ë 3 
65 sinh(ax)dx = q denten? 
A cosh x dx = sinh x 
ph oshtx dr = y sinh (2x) 
65 | [| eoe de. y 12 i 
e 1: E PE 
66 f cost" x E Fr sian x cosh' x +. [cost x dx 
67 | coah Caz) de = estan (ar) | 
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INTEGRAL CALCULUS 446: 


Basic integrals P 


? e i mens : Integrals 


> ? “(omitting integral constant c) 
J 68: f tanh x dx = ln cosh x. ' 
$ 
d 69 [tann? x: ax „ x «tanh x 
j 70. d nh” x ar WA E He ar (n #1) 
» H » P . š + <a 
j 71 EE dx, = in cosh (ax) | 
j 72 Jeep x az e. ln 1 nh x e | 
4.43. coth®z dr = x —coth x ^. 1 oe | 
j 74 | |coth x dx `= "en coti"! x + + footh™ x éx (n * 1) 
j 35 [eotncex) a ar = an sili tan) | 3 
5 ONES 
| 3476 . jas MA A " Foni > WE vede d 1 
zd 77. — ; “wee th e r | 3 
177 sinh X e 
DN à K dx S Liz e WA 
OO D Ioan > = 2 arctan e š 
J: 73 fo fees tanh x SE tiy 
380 eg x dx = x arsính e Ve s T u: 
1481 ar cos x dx RN x arcosh x ` 8 diss: 
j.82 ar tanh * ox = x artanh x + glad. Na »* 
Š j 85 Lesen X dy = x arcoth x + 2 Ate — 1) 
q 84 IE cos" x x x Ca ig x cos x S ul 
TA | | t í n ` 1 ` 
s que E Euer cos x. ar E 
| Where A is an uneven number the residual integral io: Fs. 
: E Te I à , ; met 7 7 , : 
,, 85 bus cos x a e KN EE e E 
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INTEGRAL CALCULUS | 


Application ofi integration 
= its dttterentiat, 


| surface area where the curve 
e ER, around the 841 — 


Een” 


arc length 


pce 


3 CE =’ | 33 y dx 


3.86 


b 


1 67 H mw JS 


|: b: FE 
Hs Mr dx|My = 
| q ¿a 


volume ofa E 

891 88190 body where} body, the cross a 
“area A rotates section À of which 

' around the x-axis |is a function of x 


b 


A = n 
"oct a 


Kä f a curve 
WA static moment. o 
| - in relation to the 
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Static moment of a body 


“Ë 


115. o ds TA 
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INTEGRAL CALCULUS ` 


Application of integration 


inrelation to the y-z plane) y 

| b. Le | 
Nyz Qm db y? dx 
. A A EE -k 
Coordinates of centre of gravity qe 
xg a ES ! 


ey e Pappus theorems | 


ex Surface area of a. revolving body 


; Division of area into an even 


8 Trapezium rule . 


= arc length 3 times the distance covered by the 
| ; centre of.gravity 
2 2 x.3S Us (see also formulae J 86, and J89) | 


An 


Volume of a revolving body 


Ye = area A times: the distance covered by. the centre 
: Jof gravity 
= Se te * (see also formulae ] 89 and KD 


Numer it al integration : 


number n of strips of equal 


width À = Ach 
“Then, according to ilie 


| Â 2 b 1727 4202 J .*2yg-4 +2Yn tyna) ' 
Simpson” s rule for three ordinates: | ih | 


A, = E + 4 + E 


|Simpson's rule for more than three ordinates: 


A - ¿lo E %- Mut vir, d mwani 
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INTEGRAL CALCULUS 
Application of integration 


` 


Moment of inertia. 


` (Second moment of area) 
General 


, BY moment of inertia in relation to an axis x dr 8 
point O, we mean the sum of the products of line-, 
area-, volume- or mass-elements and the squares of 
their distances from the x-axis or point O: dn, oA 


Moment | {Second moment 
of inertia of area 


1 100 


Steiner“ e theorem (Parallel axis theorem) 
Steiner 9 oo 


For every mass moment of inertia, both weg and 
polac, the following equation will apply: 

Lex = dy *. mls : kg m? sl 
Símilar equations will apply 5| ex 
for line, area and volume mo“ >] 
ments of inertia: KA 


G 
I 2.7. m* "ki 
kx ty" Ak x 


J 101 


Moment of inertia ‘of plane curves 


4n relation to the yl 
y-axis. 


1102 


S : moment of inertia about a general axis xx 


. moment ov inertia about the centre of edt 
m,A ; total length, ‘area, volume, or mass : * 


ls : distance of centre of gravity from axis or point . 


> 
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INTEGRAL CALCULUS. 


Application of integration 


D 


Moment of inertia of plane eurface (see P 3) 
Generally applicable 
An relation to 


Polar second moment of area Le Ee 
Where the relative axes of the axial moments of 
inertia Dx and loy are perpendicular to each other 
cin any. plane surface, the polar moment of inertia 
in relation to the pole or point of intersection O 
of the axis is: XE 


321 niet Se p ! ¿ LS 
Ee J =. be = bx + by CUNG 
Second moments of area of a rectangle 

h + E i 


bx Je dy = 
i548 E hv 
Luz Jox - Ë) = 
oe — 4 

Dy * y] w^ 
bz * bx v 
La Jaar An = "2 
polar ‘moment of inertia’ of a circle 
d AY 


M E MEAT 
y a D Ze al] - 5 - 
ee DE 
: k 


? / 


Second moment of area of a circle 
[about a diameter  —— ; 


| J R 4 
. kx " Ap 2 4 64. GE 


` 
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y 112. | 


1113 


y 114 


J 115 


1116 


: 3 
G ie 10 
] 7 
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INTEGRAL CALCULUS | 


Application ofi integration 


š Jen moment of volume ates 40110 
Moment of inertia: AA 


of a cuboid ` d 
` (bh bA 
Where (ax OX is the ie : 
moment of iner 
(see J 10), th 
‘z-axis: ` 
a 


tia of a rectangle _ 
e equation for feas 


* 


Moment. of inertia’ of a circular c Huer 


for the axis :22: 


for the axis xx: 
+ 


SW X = 
t T 


E. 


egent at inertia (mass 15 of inertie) ` 
c m 


D 


i 
SES nt of inertia I about a particular axis 


The mass momen of the ‘second moment of volume & about 
Sé 945 and the density 9. $us 9 I 
St 1 Dre kgm’, kgf ma*, 1b ft? 
| ^ ; à z 
here : 
` for a cylinder about the axis 22: 
e.g. 


Iz " hay” ER ze? ue 


rer other | anes moments of inertia see 


- 


(00 kgm, kgdm?, 1b te x 
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STATICS 


General terms ` 


Gates “General Ee ; 
Statics deals withthe theory. of “equilibrium, and with the 
determination of external forces acting on stationary so- 
lid bodies (e.. support reactions). The conterits of page 
K1...K14 dre applicable only to forces acting in one plane. 
`.” The most important quantities of statics 

LES and their units . /: ^ ver 


1 8 Lu 
^ Is a base quantity, see preface. ` Des 
Unite: m; cm; k POR 


| Force F (see explanation on M1) ` i bet 

|: Being a vector a force is defined ^ 997 GA 
dy its magnitude, direction, and. Ç 7 angle of 
"point of application (S). AA À: direction 
Gravitational force G | ute o/ action i 


definition: force of earth's attract. 
point of applicat :centre of grav. S 
Line of action:vertical line in- 
re Ea a _tersecting centre of 


AP * ; 
RA D yee gravity Eo 
< direction: A downwards (towards : ON 
Eis : earth's centre) M perpendicular — ` G 
magnitude: determined by spring "ere 
i balance. l AR a 
JA 


Support reaction P : 
force applied to body by support A. Ta 


d 


al 


Resultant force fp Wa. E 
force representing the totalaction _ UPS 
of several external forces. H eer ReneS r: 

` g ^ D : ` FA : A Fa 

Moment M of a force P about a point O RAS EEN 

The perpendicuiar distance from | 

point O to the line of action of 
force F is called lever arm L. 

A and Fa form'a pair of forces.. 

—. The moment-may be represented by. 

e vector... c : i 

1 Sete eges abe A = F ; Fa = =f; — 

k 2 |, moment H = FU à EE 7 

` Moment theorem: The moment of the resultant force 1. 

equalto the sum of the moments of the individual forces: 


H 
t 
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hrs cs 


Forces EEN, 


À Parallel forces 


—— —ämAů— 


' tink k polygon ye E UE beam ` : 


A- number. of f 


WI 
¢ the link polygon. 
91590 


Draw force 
- Construct lin 


point of intersection in the 


wel h : 
Fs 


orces and any random point of application. 


po n and NEES, pole o is 
avoid any link ray” running parallel. Draw as -to 


k polygon such that link II gars 
rallel to corresponding pole rays, 
link Gë 
ponds tó:& triangle in the force cup correg-. 
Po de Kc1-2 of force polygon correa ot 4.9. br 4 
of intersection 2 link Ponds t 
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STATI es 


rs composition _ 


* 
Së 


Resolution of a force 


tks F cosa . D m. F sina 


5, 
E did EZ 77 tan a "ES Ë 


(for signs of tFigonometrical l 
functions of a see N k 16 to k 19) 


j Moment 4, of a ores about a point O 


1 ET 


(for signs of trigonom. funct. 
ofa see table k16 through k19) 


Resultant force Fp of any random givén forces 


components. E | hy" Zb 


: 0 
magnitude R sr Ve + y PE 
angle o Fp p b 

direc- tange = == j sin Se, e AL ; CO8 ar, = Rx 


tion ar E d 

š N 2 

distance. lp = an | (moment theorem) 
sign of D te = sign of 2% Ge 


4 Signs of trigonometr. functions of x,y; K, es D^ à 
; — 
. quadrant 


* 16 0... 
: 18 90. . 1800 a 
ib | 180. ..270. s 
19 270. . 360 2 


: components of F parallelt x-axis and y-axis 


5 
e d components of E 
»Y : Coordinates RET to x-axis' and ya 
T. 
rte 


ei angles of P and Fp 


: d pe $ 
istances of F aus Fr from reference point 


+ 


` 
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. STATICS ` 
Equilibrium ` 


i Conditions of equilibrium: 


ternal forces about any random point are equal to zero. 


graphical 


mathematical 


k 20 [with common point] closed force E 0 TH, 20 
: of application polygon MERA ; 
‘goat | Parallel to | sorce polygon and | ZA 701 Za 0 
vertical axis ab — ° 
link polygon = — 0, ZR, = 0 
k 22 nO MM closed ` EF eM d ? 
k 23 arbitrary n E . 


EN = 0 
Examp les 


tions A and fa to be determined. 


ry: ution D 
problem. solution 


Ja mas © 1 s (scale: of moments) N.a/m, kp m/mm 
* Ke Ts D 


of forces: ` /, eg fram 


“ 


pe rien | 7 Solution 


"point of infer 5 

section of y 
the 3 lines 
of action | 


en 
4 
t. 


A body is said to be in equilibrium when both thé. 
resultant force and the sumof the moments of all en- 


Girder on two supports with given load: support reae- 


(max. bending moment) Nm, kën. 


: e 4.5 . . 

; M 3610 of lengths : ° m/m, m/mm . 
Géi ale EA : m, cm, mm 
F : P sultant of A and Pa N, kp 

N . 


;unted crane (3 forces): E and E to be determin. 


(81 CamScanner 


ron 


"ROS 


60 
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STATICS ` ` 
Lattice girder 
“Mathematical determination 
: (Ritter method - Method of 
Le St re | 


Sections) 

O: upper boom 

. U : lower boom 
DE D: diagonal 

| member 


Determine, the support reactions from en (girder on 
two supports). Draw a line X...X through the frame-. 
work to the bar in question, but intersecting no more. 


than 3 bars. Take tensile forces as positive, so that ` 


| compressive forces are negative. 


Establish the-equation of moments X =0 with Women tai. 


of external and Internal forces taken about the point 


Jof intersection of two unknown forces. | 


Rule for moment signs | 


` Where turning moment is counter=clockwise the sijn 

zi 7 ! e | is positive 
Where turning moment is clockwise the sign. is ne- 
85 | Tur gative 


example (from the above girder) 


. problem: to find force Ju in bar U;. 

"solution: ` ` GC lb 1 
Oraw a line Xx. . . I through Oz = D2~U2. Since the 

lines O, and D, meet at C, this is the relative 

. point ‘of intersection selected so that the mo” 
ment O, and D, may equal zero. . SE 


Proceed as follows: - ZX = 0 
+ a fy, +b F - e(5 - F) 2.0 


61: E As 
. STATICS ` ek chews us anis 
“Lattice girder MES | K 6 


Graphical determination of fürces in members. 
| TRE LISE ZE" (Cremona method - 

d Bow diagram) 

OK, iw a 


27; 


Basic principles ` ` ; | Lë gz? 
` Each bar is. confined by two adjacent joints. The ` 
external forces only act through the Joints. 


Procedure mero 
Establish a scale of forces and determine the sup- 
port reactions. Since each force polygon must aot 
contain more than two unknown forces, start at 
Joint 4. Establish identical order of forces (c 
or ccw) for all Joints (e.g. En - Fy = R- Fer): 
Joint 4: Force polygon a -b-c-d-a. Keep a 

record of forces being tensile or compressional. 
Joint C: Force polygon d-c-e-f-d,. : 

E u.8.w. 


check f * 5 
Forces acting through a single foint in the frame- 


work form a polygon in the Bow diagram. 
Forces acting through a single point in the diagram ; 
of forces form a triangle. in the framework. k, 
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k 2 Y | 
y “= 0 6366 r bei 2a = 160 

13 y * 0:900} r bei 2 90; 

` ^ y = 0 KM r bei 2a” 60° 


ei 
STATICS ` 


Centre of gravity 
— 


E 180. „ EA 


5 is the point of intersection 
of the medians. Fans 


¿uya — 
I Sector of a circle à Kx 
2r sini sin a 180. EE s 


aal y = 0: 4244 r bei 2a = 180° 
3% | y = 0:6002 r bei 2a = 90, E 
35 | y 0:6366 r bei 2a = 60° EE 
+l Trapezium 
7 . 
k 36 UNES ⁄ _ | 
E 2 ` 
. SS 
Sector of an annulus d e 
kal y = NE sina 
d PW cr 
k 38 - Ba BE uos 
Segment of a circle 
SaF be 
d 127 
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STATICS 
Centre of gravity 


Determination of centre'of gravity ` 
of any random surface area 

Graphica) solutio! solution pa Z 
Subdivide the total aréa A into partial areas M, 
Az... An the centres of gravity. of which are known. 
The size of each partial area is represented as 2 
force applied to the centre of area of each partial 
area. Use thé force polygon (see K2) to determine 
the mean forces: ‘Ap, and de, operating in any two di- 
rections (preferably. at right angles). The point of. 
intersection of the ines, of application will, in- 

„dicate the. 7 of the centre of area 4. 


Mathematical solution | 
on =the above total area A into partial areas 


" F0 we now get 


Ay X + 42 X2 ` + Ay Xy 
. a D e 


^ C 


4; Vs + 42 ya + 2 yY š 
à A. 


Note: In the above example’ the distances 2 » Ya and 
~ yy each egual zero. ; 
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STATICS 


E, 


Fw = . = G tan ? 
KEEN 


Eu * uot san ^ ^ M 


k 4h 
fy Eë 


BI rä 
I k 46 
k 47. 


= = conat. > 0 


4 


0 < o (yar table CR 19:# const.< Qo 
TA force Fy ‘gradually increa- SEA à 
| sing Irom terg is compensated ^ ` Fey Feos Ez 
by an increasing Fy, without G#o+.—-~-- 
causing’ the body to move, un- 
til Fy reaches the value I | 
No Gos 54 E 
YA he goon as this happens, the 3 
[body starts sliding,wherehbs Fr ` 
| drops to M. Any excessive force 
will now accelerate the. body. 


Force applied ‘obliquely 
The force F needed to set in motion ge 
a body, weight G: 


Peg jio E e sin: Qo. | 
wae tine - ~ ficos a nta 00 
The force needed. to maintain themo- `` 


tion 1s ascertained by replacing: uo 


by M. No motion possible when. result. 
of F 12 negative. : 


(d Hig T, "E s frict. coeff. | - shy vi? ! frict. force 
21 20 d ‘angie of riet. .o. TTE tract. force 


- limiting .. 
friction ` 


“k 48. 


de 
\ 
` E 
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H 


STATICS 


Friction 
Inclined — 
General ! 


The angle a at which a body" will move easily down 
` an inclined plane is the angie of friction 9. 


| tana s, tang = 4 


Application in. the experimen- 
tal determination, of the angle 
of friction or the friction 
coefficient: 
a = tan e : base ce 
, t “(horizontal J 


| Condition ef automatic. locking; a< q ` 


Friction properties 

* constant velocity maintained ‘by 

'. tractive force P peret to 
inclined plane 


k 50 


odia. 


| upwards | 


: 0<a< a* 
^k 52 


downwards ji 


O0< ace 


` k 53 


 dowñwards 
„ < dt 


k 5 


Note: For static friction replace # by 4g and Q by i 


a*; Tilting angle of body 
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AO TAMOS Pa 
= eon Kn 


Wedges 


dial |E = dé i a Es P tan(a+2p) 5 


š k 55 10 1 - tan 63 tan gz 42) 


> - 1o0se- | tan(a —21 )+tan(a - => )]: 


K 96 | ning - “| + tanos tante -b) 127? tan(a-20) 
| t e E + P td ` 2 ? : | - a 
L 57 Zil EE S Qo, + Ve a S 26 - 
55 SEET “Sere we ` ` 
* i “4 y A Ag 2 


4 kie turning Taising N Fr tan(a+p) A, = For tan(a+p) | 


; H moment | : — — 
re jm 59 | when lowering M = P r tan(a-0)|M = F r tan(a-Q) ` 


conditions o 


ok $0 automatic locking a < q! 
55 when | lowering 
GE ciency tan(a+ç' 
ag EE k be of screw! lowered | 5 tan 2 
ES | | | when is tan (a- | 
4 ‘My :raising moment Kë * Nm, kp n 
| le; lowering moment 3 | N m, kp m 
à Te :lead of thread (tana = du ) DM 
(^. r 
k 63 0 angle of friction(tan Q = u) : Ee 
k 66 | y : angle of. frdetion(tan y hr =). | 
cos s B72, 
* 65 T imean radius of thread Ei ae — mn 
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SsaputtAs jo Jəqunu : u | , sapurTÁ9 jo Sntpes : 4 
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